ABSTRACT OBJECTIVES This study aimed to determine whether the intracoronary electrograms (IC-EGMs) recorded using a standard percutaneous coronary intervention guidewire could provide myocardial viability information.
T he revascularization of dysfunctional but viable myocardium may improve left ventricular (LV) function and may confer prognostic benefits compared with medical therapy in patients with post-ischemic heart failure (1-3). Therefore, knowledge of tissue viability is an important factor in the decision-making process during percutaneous coronary interventions (PCIs) in these patients (4) .
Due to the low accuracy of electrocardiography Q waves and basal echocardiography (5, 6) , more sophisticated techniques such as dobutamine stress echocardiography, rest-redistribution perfusion scan, positron emission tomography, and delayedenhancement magnetic resonance imaging (DE-MRI) (2, 7) are currently used to assess myocardial viability, but they cannot be performed online in the catheterization laboratory.
Because scarred regions are electrically silent, evaluation of myocardial electrical activity has been proposed as an alternative method to assess viability.
Systematic experimental (8, 9) and clinical (10) (11) (12) (13) studies have demonstrated that endocardial and epicardial electrograms can reliably differentiate dense scar from hibernating and normal myocardium on the basis of reduced voltage, longer duration, and fractionation. Electroanatomic voltage maps are currently used to guide the substrate-based ablation of ventricular tachycardia in patients with structural heart disease (14) . Although accurate and able to provide real-time data, these complex and timeconsuming catheter-based techniques are inappropriate for use in a routine PCI procedure.
This study was designed to assess whether the correlation between viability and electrical activity could be demonstrated using a standard PCI guidewire as an exploring electrode, allowing the operator to quickly assess myocardial tissue viability in real time without adding complexity, time, costs, and risks to the procedure. To evaluate this hypothesis, (16, 20) . For all filters, the low-pass limit was set at 1,000 Hz. and the intracoronary electrocardiograms high-pass filtered at 100, 30, and 0.5 Hz).
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The field of view of our intracoronary lead was empirically assessed by evaluating the contribution of the well-separated atrial and ventricular waves during the withdrawal of the guidewire from the basal left ventricle to the aortic root. Such a high spatial resolution could not be obtained using other recording techniques (unipolar configuration, standard electrocardiographic surface filters and uninsulated guidewire) that we tested in the preliminary phase of this study.
Custom software was developed to calculate the peak-to-peak amplitude in millivolts for each recording site and for each filter. Data from 3 consecutive stable (interbeat variability <10%) sinus beats were averaged to obtain the final value used in the analysis.
STATISTICAL ANALYSIS. The mean and SD of the peak-to-peak voltage were calculated for each group and for each filter. No corrections were made for multiple IC-EGM assessments within individuals.
The difference among the 3 groups was assessed using 2-tailed analysis of variance and, if the null hypothesis was rejected, with a Student t test between paired groups (A vs. B, A vs. C, and B vs. C), without adjustment for multiplicity. Receiver-operating characteristic (ROC) analysis was performed using the MATLAB 7.13 R2011b software (MathWorks Inc., Natick, Massachusetts).
Because the likely real-world application would be the revascularization of any viable tissue, we merged groups B and C (viable myocardium present) and compared them with group A (transmural scar, revascularization unlikely to improve heart function), calculating sensitivity and false positive rate For each filter, the area under the curve was calculated to express the overall performance. In addition, the performance was calculated at 2 relevant operating points: 1) the point allowing the maximal viability specificity while the sensitivity is 100% (i.e., the lowest voltage of the viable group distribution); and 2) the optimal operating point of the ROC curve (the closest to the upper left corner), calculated using the MATLAB function OPTROCPT.
RESULTS
Twenty-five consecutive patients fulfilling the inclusion criteria were included. The age (mean AE SD) was 64 AE 12 years, 20 (80%) were male, 12 (48%) had hypertension, 4 (16%) were diabetic, 10 (40%) were dyslipidemic, and 11 (44%) had a family history of coronary artery disease. The location of the recent infarct was anterior in 22 (88%) and inferior in 3 (12%), whereas a history of remote MI was reported in 4 patients, anterior in 2, and inferior in 2. The LVEF was 33 AE 5%.
Overall, 317 intracoronary recordings (average, 12 recordings/patient; range, 7 to 18) were available for analysis. Of these, 67 (21%) were recorded from High-quality, noise-free, and stable signals were consistently obtained using our recording technique ( Figure 1) .
COMPARISON OF IC-EGMS IN SCARRED, PARTIALLY
VIABLE, AND FULLY VIABLE SEGMENTS. The mean AE SD of the peak-to-peak voltage for groups A, B, and C and for the 3 filters are reported in Table 2 . For all filters, Petrucci et al.
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Intracoronary ECG Predicts Myocardial Viability 2) This technique can be applied using a standard PCI guidewire and therefore has the potential to aid the decision-making process of the operator in real time. Table 3 ). This can be explained taking into account the epicardial position of the intracoronary electrode, the field of view of the 3 filters, and the transmural distribution of the post-infarction scar, which spreads from the subendocardium, which is always involved, to the subepcardium, which can be spared (10, 19) .
Further studies are needed to assess the clinical relevance of these observations and to clarify whether other more filter-specific features (maximal negative slope and Q waves for minimally filtered signals and duration and fractionation for HP-filtered signals) may improve the characterization of the mapped substrate (8, 9) .
It is also noteworthy that HP filtering reduces the overall voltage, making the thresholds proposed in this work reproducible only by using the same filters.
PREVIOUS WORK. The technique of pacing and sensing the left ventricle using an intracoronary guidewire was first introduced in clinical medicine in For each segment, row, and column, the total number of samples and, in parentheses, the number of samples for groups A (scar), B (partially viable), and C (fully viable) are reported. S1 through S17 ¼ left ventricular segments. Values (in millivolts) are mean AE SD. *Student t test between pairs of groups: p < 0.0001 for all comparisons.
ANOVA ¼ analysis of variance; HP ¼ high pass.
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(22). More recently, the IC-ECG has been
demonstrated to be useful to predict myocardial recovery after primary (23, 24) or elective (25) angioplasty, to assess periprocedural myocardial damage (26, 27) , to detect myocardial ischemia during adenosine infusion (28) , and to evaluate the protective power of collaterals in terms of preserving myocardium or life (29) . These studies were performed using Petrucci et al.
Intracoronary ECG Predicts Myocardial Viability For the 3 filters, the AUC, and the characteristics of the "optimal" operating point are reported. AUC ¼ area under the curve; CI ¼ confidence interval; HP ¼ high pass. Petrucci et al.
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